Background. Older meta-analyses of the effects of psychological treatments of social anxiety disorder have found that these treatments have moderate to large effects. However, these earlier meta-analyses also included nonrandomized studies, and there are many featured studies in this area which were published after the recent metaanalysis.
Introduction
Social anxiety disorder is a highly prevalent disorder (Davidson et al. 1993 ; Kessler et al. 1994 ; Bijl et al. 1998 ; Furmark, 2002 ; Grant et al. 2005) and is associated with losses in quality of life Wittchen et al. 2000) , considerable economic costs (Patel et al. 2002 ; Smit et al. 2006) , high levels of service use (Magee et al. 1996 ; Stein & Kean, 2000) and serious functional impairments in the educational, social and occupational domains (Davidson et al. 1993 ; Kessler et al. 1998) . In order to decrease the burden on individuals with social anxiety disorder, several psychological treatments have been developed in the past few decades (Deacon & Abramowitz, 2004 ; Rodebaugh et al. 2004) , including exposure, cognitive therapy, social skills training, applied relaxation, and several different combinations of these.
The effects of these psychological treatments on social anxiety disorder have been examined in a considerable number of trials since the late 1970s (Fremouw & Zitter, 1978 ; Shaw, 1979) . Throughout this period, studies changed from small and uncontrolled trials (Heimberg et al. 1985) to large, highquality randomized controlled trials (Blomhoff et al. 2001) . In order to examine and compare the efficacy of these treatments some narrative reviews were conducted (Heimberg, 1989 ; Chambless & Gillis, 1993) . However, it was not possible with those reviews to quantify their effects on social anxiety disorder. Subsequently, four meta-analyses that examined the effects of psychological treatments were published. The first compared the effects of cognitive behavioural therapy to exposure alone (Feske & Chambless, 1995) . A little later, Taylor (1996) examined the effectiveness of cognitive behavioural treatments (exposure, cognitive restructuring without exposure, exposure with cognitive restructuring, and social skills training) on social anxiety disorder. In 1997, Gould et al. (1997) added the pharmacological studies to cognitive behavioural treatments and compared these two treatment approaches. The last metaanalysis was similar in design to the previous one (Federoff & Taylor, 2001 ) and examined the psychological and pharmacological treatments of social anxiety disorder.
These meta-analyses showed that both psychological and pharmacological interventions are effective in the treatment of social phobia and have large effect sizes. All of them indicated that cognitive behavioural therapies were effective. However, they found somewhat different results concerning the superiority of specific interventions. Feske & Chambless (1995) reported that there is no additional benefit of combining exposure and cognitive interventions over exposure therapy alone. Conversely, Taylor (1996) found that the effects of exposure can be increased with cognitive therapy. In line with Feske & Chambless (1995) , Gould et al. (1997) reported that exposure had a higher effect size than the combination of exposure with cognitive restructuring (cognitive restructuring alone had the lowest effect size). Although all of the earlier meta-analyses indicated that exposure is effective, the contribution of cognitive therapy seems to be a matter of debate. However, a possible explanation for this was reported in the review of Deacon & Abramowitz (2004) ; there are fewer trials with only cognitive therapy without any behavioural element. Therefore, to make a more strong comparison between cognitive therapies and exposure, the literature needs more studies with treatment conditions with cognitive therapies only.
On the other hand, pharmacological treatments of social anxiety disorder were also found to be effective. Although the most recent meta-analysis found that pharmacological treatments of social anxiety disorder were the most effective treatments at least in the short-term (Blomhoff et al. 2001 ; Federoff & Taylor, 2001 ; Clark et al. 2003 ; Davidson et al. 2004) , there is a lack of studies that directly compare the effects of psychological and pharmacological treatments, so we can not make a clear comparison between them.
However, these previous meta-analyses suffer from several limitations (Rodebaugh et al. 2004) . Most of them also included non-randomized and uncontrolled studies, which may have resulted in an overestimation of the effects. The one meta-analysis that did focus on randomized trials was conducted more than 10 years ago, and since then 14 new studies have been published that were not included in this meta-analysis. Another important shortcoming of earlier meta-analyses is that none of them conducted state-of-the-art analyses of the heterogeneity of the included studies, nor did they conduct subgroup analyses or meta-regression analyses to examine the sources of heterogeneity. Such analyses are important because they may indicate which differences among the studies affect the outcomes (Rodebaugh et al. 2004) and may also indicate which treatments are effective in which populations.
We decided, therefore, to conduct a new metaanalysis with 14 new studies, which is about half of the included studies. We wanted to examine whether the positive results of the earlier meta-analyses remain positive when limited to randomized trials and when all new studies in this area are included. We also wanted to study the heterogeneity of the studies and examine which characteristics of the studies are related to the effect sizes.
Method

Identification and selection of studies
Several methods were used to find the studies. First, we conducted a comprehensive literature search in bibliographical databases (from 1966 to January 2007). We examined 1820 abstracts in Pubmed (301 abstracts), PsycINFO (232), EMBASE (682) and the Cochrane Central Register of Controlled Trials (414). In order to find unpublished studies, we also searched Digital Dissertations (191 abstracts). We searched these databases by combining terms that are indicative of psychological treatment (psychotherapy, mental health treatment, psychological treatment, cognitive therapy, behavior therapy, exposure, social skills training, flooding, and relaxation) and social phobia (or social anxiety disorder). Second, we examined the references of the earlier meta-analyses (Feske & Chambless, 1995 ; Taylor, 1996 ; Gould et al. 1997 ; Fedoroff & Taylor, 2001 ) and systematic reviews (Deacon & Abramowitz, 2004 ; Rodebaugh et al. 2004) . Third, we examined the references of the retrieved papers. No language restrictions were applied.
We included studies in which (1) the effects of psychological treatments (2) in subjects aged 18 years or older (3) with social phobia (4) were compared with a control condition (5) in a randomized controlled trial.
We included studies which used one of the following definitions : (1) social anxiety disorder according to Diagnostic and Statistical Manual of Mental Disorders (DSM)-III (APA, 1980), DSM-III-R (APA, 1987) or DSM-IV (APA, 1994) criteria ; (2) scoring above a cut-off score on a self-rating or clinician-rated social anxiety disorder questionnaire (Table 1) . Although to include studies with different criteria might cause heterogeneity, we did not want to exclude valuable randomized controlled trials. We aimed to solve possible heterogeneity problems by conducting subgroup analysis.
Quality assessment
The validity and quality of the studies were assessed according to the Cochrane Handbook (Higgins & Green, 2005) . The four basic criteria were : allocation to conditions is done by an independent (third) party ; adequacy of random allocation concealment to respondents ; blinding of assessors of outcomes ; and completeness of follow-up data.
Meta-analysis
We calculated effect size (Cohen's d) by subtracting (at post-test) the average score of the control group (M c ) from the average score of the experimental group (M e ) and dividing the result by the average of the standard deviations of the experimental and control group (S.D. ec ; Hedges & Olkin, 1985 ; Cooper & Hedges, 1994 ). An effect size of 0.5 thus shows that the mean of the experimental group is half a standard deviation larger than the mean of the control group. Effect sizes of 0.56-1.2 can be assumed to be large, while effect sizes of 0.33-0.55 are moderate, and effect sizes of 0-0.32 are small (Lipsey & Wilson, 1993) .
Effect sizes were calculated only from reliable and valid self-rated or observer-rated questionnaires. When means and standard deviations were not reported, we used other statistics (t value, p value) for the calculation of effect sizes. When more than one measure was used, we calculated the mean of the effect sizes for each study. In the studies that compared more than one experimental condition with a control condition, the number of subjects in the control condition was evenly divided over the experimental conditions so that each subject was used only once in the meta-analyses.
We calculated four effect sizes for each study : one measuring social anxiety disorder, another one measuring cognitive distortions, one of depression, and one measuring general anxiety.
The COMPREHENSIVE META-ANALYSES computer program (version 2.2.021 ; Biostat, Englewood, NJ, USA) was used to calculate the pooled mean effect sizes. Because of the considerable heterogeneity, we calculated the mean effect sizes with the random-effects model. In the random-effects model, it is assumed that the included studies are from populations of studies that differ from each other systematically. In the random-effects model, the effect sizes differ because of the random error within the studies but also because of true variation in effect size from one study to the next.
As indicator of homogeneity, we calculated the Q statistics. A significant Q rejects the null hypothesis of homogeneity and indicates that the variability among the effect sizes is greater than what is likely to have resulted from subject-level sampling error alone. We also calculated the I 2 statistic, which is an indicator of heterogeneity in percentages. A value of 0 % indicates no observed heterogeneity, and larger values show increasing heterogeneity, with 25 % as low, 50 % as moderate, and 75 % as high heterogeneity (Higgins et al. 2003) . Moreover, specific methods for subgroup analyses in the COMPREHENSIVE META-ANALYSIS version 2.2.021 were also conducted to see whether their effect sizes differ from each other.
Publication bias was tested by inspecting the funnel plot on primary outcome measures (effects on social anxiety at post-test), and by Duval & Tweedie's trim and fill procedure (Duval & Tweedie, 2000) , which yields an estimate of the effect size after the publication bias has been taken into account (as implemented in COMPREHENSIVE META-ANALYSIS, version 2.2.021). We also calculated ' Orwin's fail-safe N '. This number indicates how many studies with an effect size of zero should be found in order to reduce the effect size that is found to a smaller value (e.g. 0.20). A larger N indicates that the effect size found can be further generalized.
Results
Description of studies
A total of 109 papers that possibly met our inclusion criteria were retrieved for further study. A total of 80 studies were excluded : four because the assignment to the conditions was not random ; eight were excluded because the interventions were not psychological treatments ; and four were excluded because of their clinically irrelevant diagnostic criteria. Moreover, 41 studies had no control group, three studies gave insufficient data to calculate the effect size, fifteen studies were not aimed only at patients with social anxiety disorder but also with other anxiety disorders, and five studies reported data identical to a later study published by the same authors. A total of 29 publications with 30 studies (with 49 separate controlled comparisons) that met inclusion criteria were included in this meta-analysis (Fig. 1) . Characteristics of these 30 studies are described in Table 1 . The studies included a total of 1628 respondents (979 in the treatment conditions and 649 in the control conditions). Selected characteristics of the included studies are described in Table 1 . In 16 studies, subjects were recruited from the community, whereas in eight studies subjects were recruited from clinical settings. In the remaining six studies, a mixed recruitment method was reported. Seven studies focused on university students, while the remaining 23 studies were aimed at adults in general. In 21 studies the subjects had to meet diagnostic criteria for social anxiety disorder. The remaining nine studies included subjects who scored high on self-rating social anxiety measures, or used another definition of social anxiety disorder. In 14 comparisons, the psychological treatment was delivered in individual format, while in 15 comparisons a group format was used (in one study, group and individual formats were combined). The number of sessions varied between one and 20. The exclusive psychological treatments were cognitive behavioural therapy (14 conditions), cognitive therapy (four conditions), social skills training (three conditions), relaxation (two conditions), exposure (eight conditions), and other therapies such as symptom prescription with or without reframing, and the Lefkoe method. The Lefkoe method aims to eliminate the beliefs that are formed a long time ago by emphasizing the earlier circumstances. It also de-conditions the stimuli that produce negative emotions such as fear (Cunningham et al. 2006) . In the remaining conditions, various combinations of those psychological treatments were applied (Table 1) . In 22 studies, psychological treatments were compared with a waiting-list control group, while in seven studies a placebo control group was used ; in the remaining study, a treatment-as-usual control group was used.
The quality of the 30 studies varied. Only in four studies was allocation to conditions conducted by an independent party. Concealment of random allocation to respondents was not possible or not reported in any of the studies. Twelve studies reported blinding of assessors, and drop-out rates ranged from 0 to 54.2 % (in one study the drop-out rate was not reported). Intention-to-treat analyses were used only in a minority of the studies (n=9) while the majority of the studies (n=20) were limited to completersonly analyses (not reported in one study).
Effects of psychological treatments at post-test
The effects of psychological treatments on social anxiety measures could be compared with a control group in 29 studies with 48 contrast groups. The mean effect size for measures of social anxiety disorder was 0.77 [95 % confidence interval (CI) 0.60-0.94, Table 2 ]. In two studies, the psychological treatments were combined with placebo (Clark, 1991 ; Blomhoff et al. 2001) . To check for possible differences, we conducted a meta-analysis without those two studies. The results were comparable (0.80, 95 % CI 0.64-0.97, Q=82.8, p<0.001, I
2 =45.6 %) with the results when those two studies were included. Thus, we continued to include them in the following analysis. Heterogeneity was moderate (Q=101.1, p<0.001, I
2 =53.5 %), so we decided to check for the outliers. One study with an unusually high effect size (Cunningham et al. 2006) was considered as an outlier, and excluded from all further analyses. The mean effect size for the remaining 47 contrast groups was 0.70 (95 % CI 0.56-0.83). The heterogeneity was considerably lower (Q=65.6, p<0.01, I 2 =29.8 %). We have plotted the effect sizes and 95 % CIs of the comparisons in Fig. 2 .
In eighteen studies (26 contrast groups), the fear of negative evaluation (FNE ; Watson & Friend, 1969) was used as an outcome measure. In a meta-analysis in which the results were limited to FNE, comparable results were found (d=0.59, 95 % CI 0.39-0.78, Q=42.94, p<0.01, I
2 =41.7 %), as was the case when we examined the effect sizes on the Social Avoidance and Distress Scale (Watson & Friend, 1969 ; 11 studies, 15 comparisons ; d=0.83, 95 % CI 0.56-1.10, Q=21.33, p<0.05, I 2 =34.4 %). We conducted three more meta-analyses ; for cognitive outcomes, depression, and general anxiety measurements. We could compare the effects of the psychological treatments with a control group at post-test on cognitive measurements in 15 studies with 26 contrast groups ( Table 2 ). The mean effect size for cognitive measures was 0.80 (95 % CI 0.54-1.05, Q=54.0, p<0.001, I
2 =53.7 %). For self-report measures of depression, we were able to compare 12 studies with 19 contrast groups, which resulted in a mean effect size of 0.70 (95 % CI 0.46-0.94, Q=36.7, p<0.01, I 2 =50.9 %). We compared the effects of the psychological treatments on general anxiety measures at post-test in nine studies with 16 contrast groups. The mean effect size was 0.70 (95 % CI 0.47-0.93, Q=19.6, N.S., I 2 =23.2 %). We have included multiple comparisons from one study in our analyses. However, these multiple comparisons are not independent from each other, and this may result in an artificial reduction of heterogeneity. Therefore, we conducted an additional metaanalysis, in which we included only one comparison per study. From the studies with multiple comparisons we included only the comparison with the smallest effect size, because this was considered the most conservative approach in estimating heterogeneity. As can be seen in Table 2 , these analyses did indicate that heterogeneity increased somewhat, although the increase was relatively small.
Subgroup analyses
Because we found some heterogeneity, we decided to conduct a series of subgroup analyses for control group (waiting list versus placebo/treatment-asusual), type of analysis (intention-to-treat versus completers only), diagnosis (according to diagnostic criteria versus scoring above a cut-off score or another measure of social anxiety disorder), age group (university students versus adults), type of social anxiety disorder (generalized social anxiety versus specific social anxiety disorder), format of intervention (individual versus group intervention), recruitment (volunteers from the community versus clinical population/both), and type of psychological interventions. We distinguished between interventions in which cognitive restructuring was included versus interventions in which this was not included. We also distinguished interventions in which exposure was and was not included ; and interventions in which social skills training was and was not included. The results of the analyses are presented in Table 2 .
The subgroup analyses resulted in only two subgroups of studies in which the effects sizes differed significantly from each other. Studies with waiting-list control groups had a significantly larger effect size than studies with placebo or treatmentas-usual control groups. Furthermore, studies aimed at subjects who met diagnostic criteria for a social anxiety disorder had a smaller effect size than studies in which other inclusion criteria were used. These two pairs of subgroups also had low to moderate levels of heterogeneity (I 2 in waiting-list control group=5.26 ; in placebo/treatment-as-usual= 0.0 ; in studies in which diagnostic criteria were used=26.91 ; in studies in which another definition of social anxiety disorder was used=5.42).
Effects at follow-up
It was not possible to calculate the effects of psychological interventions compared with a control condition at follow-up in any study, because most studies used a waiting-list control condition. Instead, we calculated the effect sizes indicating the difference between post-test and follow-up in the treatment conditions. We could calculate these effect sizes in 20 studies. The follow-up periods ranged from 1 month to 18 months and the effect sizes ranged from x0.022 (at 6 months follow-up) to 2.32 (at 1 month follow-up).
In 10 studies with 20 conditions, the follow-up period was between 1 and 3 months. The resulting pooled random effect size was 0.19 (95 % CI 0.02-0.36), indicating a small and a significant improvement from post-test to follow-up. Eight studies with 12 contrast groups also showed a significant change from post-test to 4 to 6 months (d=0.37, 95 % CI 0.12-0.63). The change between post-test and 7 to 18 months follow-up could also be calculated in nine studies with 16 contrast groups, and resulted in a pooled effect size of 0.15 (95 % CI 0.01-0.29), which is a small improvement. These results indicate that the effects of the psychological interventions on social anxiety disorder probably remain stable over time and may even improve somewhat.
Publication bias
The funnel plot and Duval & Tweedie's trim and fill procedure pointed at the possibility of some publication bias. The effect size indicating the difference in social anxiety between treatment and control conditions did not change significantly after adjustment for possible publication bias (observed d=0.70, 95 % CI 0.56-0.83 ; adjusted d=0.45, 95 % CI 0.30-0.60 ; both with the random-effects model). However, the adjusted value was considerably lower than the observed values, so one must be very careful about a possible overestimation of the mean effect size. The number of studies with a zero effect that should be found in order to reduce the effect size to 0.20 is 102 (' Orwin's fail-safe N '). This large number of unpublished null trials led us to conclude that the present findings were unlikely to be biased by the ' filedrawer ' problem.
Discussion
This study showed that a meta-analysis of randomized studies of psychological treatments of social anxiety disorder confirms the findings of earlier meta-analyses that supported the effectiveness of various kinds of psychological treatments of social anxiety disorder in adults (Feske & Chambless, 1995 ; Taylor, 1996 ; Gould et al. 1997 ; Federoff & Taylor, 2001 ). The present findings are important because almost half of the included studies were not used in the earlier meta-analyses. The overall effect size of 0.70 indicated a large effect of psychological treatments on social anxiety disorder. However, a small to moderate heterogeneity (I 2 =29.8 %) in our metaanalyses pointed at some possible systematic differences among the included studies. Since one of the aims of this study was to explore the sources of heterogeneity, we conducted several subgroup analyses.
Subgroup analyses indicated that studies with pillplacebo or treatment-as-usual control groups had lower effect sizes than the ones with waiting-list control groups. The low heterogeneity of the two subgroups indicated that the overall heterogeneity of the present meta-analysis may be explained by the different control groups of the studies. Additionally, subgroup analyses also indicated that studies which included subjects meeting diagnostic criteria for a social anxiety disorder had significantly lower effect sizes than the studies that used other inclusion criteria. Heterogeneity was zero to low in these subgroups, which may indicate that this difference in diagnostic inclusion criteria may explain the heterogeneity in the overall analyses. In other words, the heterogeneity which is troublesome could be reduced if the researchers include only the studies which were conducted with the subjects who fulfill the diagnostic criteria for social anxiety disorder. Also, these results point at the possibility that social anxiety disorder can be treated better in patients with milder problems, and that treatment is more difficult in patients with more severe disorders. More research is needed to examine this.
We also found that studies in which a waiting-list control group was used had significantly higher effect sizes than studies with a care-as-usual or placebo control group, and in both subgroups very low levels of heterogeneity were found. This is in agreement with other research in other treatment areas where waiting-list control groups typically find higher effect sizes (Cuijpers et al. 2007) .
We found no indication in our subgroup analyses that the inclusion of cognitive restructuring, exposure, social skills training, or applied relaxation resulted in higher effect sizes. However, most studies used a mix of several of these methods and very few studies examined only one of these techniques. This makes it impossible to draw definite conclusions about the effects of each of these techniques. More research and especially dismantling studies are needed to explore the specific effect of each of these techniques in more detail.
We found one outlier in our meta-analysis, with an unusually high effect size (Cunningham et al. 2006 ). It is not entirely clear why this study had this unusual effect size, but it differs from other studies in that it uses a very specific method (the Lefkoe method). It could be possible that this is a very effective intervention for social speaking anxiety. However, before this can be established, more studies confirming these very high effect sizes should be conducted.
This study has several limitations. First, although our meta-analysis included a relatively large number of studies, we did not have sufficient studies to examine more specific subgroups, such as studies with care-as-usual, placebo control groups, and studies in which subjects were recruited from clinical samples. Second, the quality of several studies was not optimal, and most studies conducted completersonly analysis instead of intention-to-treat analyses.
Despite these limitations, the present meta-analysis suggests that psychological treatments are effective in treating social anxiety disorder in adults, and this effect tends to remain stable to follow-up and may even improve somewhat. Although the number of studies on psychological treatment of social anxiety disorder is relatively high, more research is definitely needed. More research on clinical samples is needed, as well as research in which pill-placebo and treatment-as-usual are used as the control groups. Preferably, these should be high-quality studies with large sample sizes. In order to examine the active components of the psychological treatments, dismantling studies should be conducted.
